Three different speech production paradigms are used to assess the hypothesis introduced by Kello, Plaut, and MacWhinney (2000) according to which the characteristics of the speech production system flexibly vary between staged and cascaded modes depending on task demand. All experiments measured response latencies and durations of single words both without and with a response deadline. Experiment 1 manipulated semantic and phonological factors in a picture-word interference task and obtained substantial effects on latencies, but response durations were not systematically affected. Experiment 2 blocked pictures either by semantic category or by word-initial overlap and also failed to find an effect on durations. Experiment 3 used a Stroop paradigm and once again did not find the predicted effects on duration. These results fail to provide evidence for the claim that articulation shifts from a staged to a cascaded nature when task demand is increased. Instead they support the assumption that articulation, as assessed by response duration, is never influenced by central cognitive processes once a response has been initiated.
The representational stages involved in lexical retrieval for the production of simple utterances have recently generated a large amount of interest. Despite an elaborate controversy with regard to the exact characteristics of these representations, there is general agreement from a broader perspective that lexical access in speaking can be subdivided into a phase that is concerned with the retrieval of semantic characteristics, and a phase that involves access to the phonological properties of the intended words (e.g., Garrett, 1975; Schriefers, Meyer, & Levelt, 1990; van Tourennout, Hagoort, & Brown, 1997 ; see Levelt, Roelofs, & Meyer, 1999 , for an overview). One of the issues surrounding lexical retrieval in speech production is the question of how these two stages relate to each other. Discrete two-step models (e.g., Levelt et al., 1999; Levelt et al., 1991) assume that speaking proceeds in a serial manner from semantic to phonological retrieval, and that the two stages are largely encapsulated from each other. In contrast, cascaded (e.g., Humphreys, Riddoch, & Quinlan, 1988) or interactive (e.g., Dell, 1986; Dell & O'Seaghdha, 1991; Harley, 1993) speech production models dispute the modularity assumption and propose that processing proceeds from one to the other level in a gradual fashion such that semantic retrieval does not have to be entirely concluded before phonological access begins. 1 This issue is only indirectly the topic of this paper, however. From a bird's-eye view, semantic and phonological processes are "central" in that they are considerably more ab-stract than peripheral levels such as motor execution. What the current research is concerned with is how a subsequent and more peripheral stage in speaking, namely articulation, is related to the prior stages of lexical retrieval. In the current psycholinguistic literature, the question of how abstract cognitive representations are transformed into articulatory motor programs has received relatively little attention. It has been suggested (Crompton, 1982; Levelt & Wheeldon, 1994; Levelt, 1989 ) that, at least for relatively frequently used syllables, syllable-sized "chunks" of motoric programs are stored, retrieved, and executed as whole units. These precompiled articulatory units, stored in a "mental syllabary", are accessed from the phonological specification of the utterance, and executed as discrete units. Some evidence for this notion derives from the fact that syllable frequency appears to be additive to word form frequency (Levelt & Wheeldon, 1994) , suggesting that syllable production is encapsulated from the earlier stage of phonological encoding. On the other hand, Whalen (1990) observed that participants' knowledge about the identity of an upcoming vowel prior to response initiation induced anticipatory coarticulation of the pronunciation of a preceding vowel, which suggests the possibility that articulation can still to some extent be influenced by preceding processing stages after it has been initiated. An articulatory response unfolds over time, and hence a potential measure is its duration, or the time interval between 1 Above some level of granularity, speech production must of course be cascaded: speakers are able to generate large chunks of fluent utterances, which makes it implausible that entire sentences are planned at all the involved levels before the utterance starts. More likely, speaking proceeds in an incremental fashion (cf. Levelt, 1989) in which processing occurs at all stages simultaneously in a piece-meal fashion. For the current purpose, the relevant question is thus not whether speaking is incremental at all, but rather what the largest unit of speech production (e.g., a phonological word, a syllable, etc.) is that is unaffected by prior processes.
onset and offset of a spoken utterance. Onset, conventionally measured with a voice key that reacts to the acoustic energy of the utterance, has become a staple of psycholinguistic experimentation. Measuring the offset of acoustic pressure in the same way is problematic however, as spoken utterances typically end in exhalations. Instead, responses have to be either be manually analyzed in a wave form editor (as, for instance, in Meyer, 1990; Schriefers & Teruel, 1999; and Schriefers, de Ruiter, & Steigerwald, 1999) , or specialized software is used that applies algorithms to digitized utterances that detect changes in the acoustic properties of the sound wave (e.g., . Response duration can be used to assess the properties of the articulatory stage with the following logic. If the duration of an utterance remains fixed in response to the manipulation of preceding (i.e., semantic, syntactic, phonological) stages of speaking, then it can reasonably concluded that these central processing stages were concluded before the response was initiated; hence processing at the involved levels is "staged". On the other hand, if articulatory responses are systematically lengthened or shortened when preceding processing stages are manipulated, then this would imply that some extent of processing was still taking place at the central level after response initiation took place; hence, articulation could not occur entirely within its own temporal stage subsequent to earlier ones, but rather must be "cascaded".
Before the existing findings on this question will be summarized, I would like to point out the importance of clearly distinguishing between speech output tasks that are executed on the basis of semantic information, and are therefore conceptually driven, and speech output tasks that could in principle occur on the basis of various sources of information. On the one hand, there is virtual agreement that tasks such as the Stroop (1935) color naming task, the naming of objects, and single word translation are conceptually mediated because a response cannot in principle be initiated before the target's semantic codes have been retrieved. On the other hand, the way in which a printed word is named is much more variable and dependent on context: Because the graphemic information in printed text systematically maps onto phonological codes which in turn provide the input for articulation, it is in principle possible to adopt various strategies to initiate a response: participants could either retrieve the entire phonological form of a word before they initiate a response, or they could initiate the response on the basis of just a certain portion of the stimulus word and then complete processing of the remainder while the response is being executed (see, e.g., Kawamoto, Kello, Jones, & Bame, 1998's proposed dichotomy between a whole-word criterion and an initial-phoneme criterion for the initiation of articulation in word naming, and Kawamoto, Kello, Higareda, & Vu, 1999 , for further evidence). The important point here is that the research presented in this article exclusively addresses conceptually driven speech production tasks and potential effect of central processing stages on articulatory duration; the possibility of finding parallel effects in tasks such a word naming is not under consideration.
To date only very few studies have investigated response durations in conceptually driven speech production. Meyer (1990) demonstrated that response latencies of single word utterances, produced in response to associated prompt words, were facilitated when they occurred in a phonologically similar context. Response durations, on the other hand, were not affected. Schriefers and Teruel (1999) demonstrated that in adjective-noun utterances elicited by colored objects ("red house"), distractor words phonologically related to the adjective, but not to the noun, primed latencies. To test for the presence of potential latency/duration tradeoffs, durations of both adjectives and nouns were also measured, and it was found that they were unaffected by the experimental manipulation. In a similar task, provided advance information about either the color or the picture at various time intervals. Their Experiment 2 tested for possible effects on both adjective and noun durations in response to the advance information; again, durations were unaffected by the manipulation. In conjunction, these findings suggest that in conceptually driven speech production, articulation as measured by response duration is never affected by the experimental manipulation of prior, "central", processing stages.
Consequently, articulation appears to take place in its own processing stage, relatively independent of preceding stages.
3
In a recent article, challenge this conclusion by suggesting that the processing properties of speech production might change flexibly in response to task demands. In a Stroop experiment, color patches served as targets to be named, and distractor words (Stroop congruent, incongruent, and neutral, e.g., iiiii) were presented at various stimulus-onset asynchronies (0 ms, +100 ms, +200 ms, and +300 ms; here and in the following experiments, positive SOAs denote the fact that target onset precedes distractor onset, while negative SOAs mean that target onset follows distractor onset). The standard pattern of Stroop interference (e.g., longer latencies in the incongruent than in the neutral condition) and some extent of Stroop facilitation (e.g, shorter latencies in the congruent than in the neutral condition) was obtained. As predicted from the existing research summarized above, response durations were not affected by the Stroop manipulation. Kello et al.'s second experiment used a similar design, but increased task demand on participants by using the mean response time from the first experiment as a deadline: if participants failed to respond within that deadline, a tone sounded and the message "please be faster" appeared on the screen. This manipulation substantially accelerated latencies and also shorted overall response durations. More relevant, however, durations were now prolonged in the incongruent relative to the baseline condition. In other words, when task demand was increased, delayed naming latencies corresponded with prolonged naming durations.
To account for this pattern, Kello et al. suggested that the processing characteristics of the speech production system are flexible and task-and demand-dependent. Specifically, articulatory execution is normally normally not influenced by central processes after its initiation (and hence response durations are unaffected by the Stroop manipulation), but when task demand is increased, the system becomes more flexible, and central processes can "cascade" into articulation. Hence, the processing stage of articulation can in some, but not in all, circumstances be influenced by "central" processes after a response has been initiated.
This hypothesis entails far-reaching consequences for how researchers have conceived of speech production. professed to be "...agnostic as to the architecture and representations that actually compose "central processes" because we believe that the nature of their properties are not relevant to addressing the research question" (p. 341). Yet, if true, their claim about the flexibility of speech production would certainly render much of the recent debate about the processing characteristics of semantic and phonological stages (e.g., Dell & O'Seaghdha, 1991; Levelt et al., 1991) less relevant because it suggests that speech production could be both staged and cascaded/interactive, dependent on external factors. However, note that a cascaded model can under certain parameter settings be coerced into exhibiting staged characteristics (cf. Dell & O'Seaghdha, 1991) , but the reverse is logically impossible. Hence, at the structural level, Kello et al.'s hypothesis ultimately discredits a staged structure of the system and favors the cascaded view.
In the current article, I assessed 's hypothesis by investigating response duration in two different but related semantically driven speech production paradigms: picture-word interference (Experiment 1) and semantic/phonological blocking in picture naming (Experiment 2). In both tasks, latencies and response durations were measured first under normal, and then under increased task demand. In both paradigms, the prediction derived from Kello et al.'s account is that in the semantically related condition and under a response deadline, latencies as well as response durations should be increased relative to the unrelated baseline. The phonological condition in both paradigms can be expected to result in shorter latencies. Whether this results in shorter response durations remains to be seen; this prediction is not explicitly made by Kello et al., but it is certainly not implausible that latencies and durations should pattern together. To anticipate the findings, the effects on latencies predicted from previous research were found, but contrary to Kello et al.' s predictions, response durations were unaffected by the semantic or phonological manipulation not only under normal, but also under increased task demand. Experiment 3 provided an attempt to replicate directly Kello et al.'s findings in the Stroop paradigm, and once again failed to obtain the predicted effects on response durations. In combination, these results do not provide support for the hypothesis that the architecture of speech production flexibly changes dependent on task demand.
Experiment 1
This experiment uses a picture-word interference paradigm. In this task, a picture is named while avisually or auditorily presented -distractor word has to be ignored. If the distractor word is semantically related to the picture label, naming responses are delayed relative to an unrelated condition, a finding first demonstrated by Rosinski, Golinkoff, and Kukish (1975) . In contrast, if the distractor word is form-related to the picture label, naming latencies are accelerated relative to an unrelated condition (e.g., Posnansky & Rayner, 1977) . The semantic interference effect is commonly attributed to the competition of lexical-semantic entries (Levelt et al., 1999) whereas the form-related facilitation effect probably arises during the phonological encoding of the target word (see also , for a demonstration of endrelated facilitation in this paradigm). The two effects are to some degree separable in time, which, as discussed in the introduction, has been taken as evidence that semantic and phonological stages of lexical retrieval must to some degree be separable. Damian and Martin (1999) pointed out that the effects of visual and auditory distractors show roughly comparable time courses if the presentation time of visual distractors is limited. Yet, visual distractors sometimes partially obscure the pictorial targets, in particular if constraints on stimulus selection prevent the use of pictures with relatively few lines and blank areas in the center. For this reason, distractors are presented auditorily in the present experiment.
There are obvious parallels between Stroop tasks such as those employed by and picture-word interference experiments, and in fact, both might be accommodated within the same framework (Roelofs, 2000) . Both are conceptually driven speech production tasks in which distractors interfere with the correct response. But there are also important differences: most prominently, in Stroop tasks, color constitutes the only possible response category, and only a handful of colors exist that have sufficiently high naming agreement. In contrast, pictureable objects provide a sizeable number of semantic categories, and much larger degrees of freedom in selecting the stimuli (and incidentally also allow for a meaningful items analysis, which is problematic in the Stroop task).
The SOAs chosen for the current experiment (-200 ms, 0 ms, +200 ms, +400 ms) are rather usual for this type of task, maybe with the exception of the most positive SOA. On the basis of earlier findings (e.g., Damian & Martin, 1999; Schriefers et al., 1990) , semantic interference is predicted to appear at an SOA of -200 ms, whereas phonological facilitation should be obtained most prominently at an SOA of +200 ms, with both effects appearing to some degree at the SOA of 0 ms. For an SOA of +400 ms, the prediction can be made that it will occur too late in the response preparation process to have an effect on response latencies. This additional SOA was chosen because suggested the possibility that duration effects might be obtained at more extreme positive SOAs, tapping into later stages of speech preparation than those commonly used.
Picture labels (and distractor words) in the present experiment were systematically varied to be either mono-or bisyllabic. This is based on the following possibility: if the smallest unit of speech production whose execution is not influenced by preceding processing stages is the syllable (as suggested by Levelt & Wheeldon, 1994 ,'s notion of a "mental syllabary"), then monosyllabic words should never exhibit effects of articulatory duration. The same prediction does not necessarily hold for polysyllabic words, since the execution of more than one syllable might plausibly be cascaded. However, if the smallest "staged" unit is the word, then neither mono-nor polysyllabic words should exhibit response duration effects. provided some evidence against an effect of the number of syllables by analyzing their obtained duration effect for monosyllabic color terms only (red, green, blue, gray) while excluding the bisyllabic ones (purple, yellow), and still obtained a substantial difference. Yet, to further assess the potential importance of this factor, both the present and the following experiment explicitly vary the number of response syllables.
Method
Participants. Forty-eight undergraduate students from the participants pool of the Max Planck Institute for Psycholinguistics took part in exchange for pay. Twenty-four were tested without a response deadline first; the remaining were tested with a response deadline. All were native speakers and had normal or corrected-to-normal vision.
Materials. Thirty-two pictures served as the targets. To investigate the effects of semantic picture-distractor overlap, sixteen pictures from four semantic categories (vehicles, clothing, animals, tools) were selected; the mean frequency of occurrence in the CELEX database of spoken Dutch (Baayen, Piepenbrock, & Gulikers, 1995) was 21 per million. Within each category, two of the pictures had monoand two had bisyllabic names. To investigate the effects of phonological overlap, a further set of sixteen pictures was selected such that four picture quadruples shared the initial two phonemes, but were semantically unrelated to each other; two of the pictures within each quadruple were monoand the other two were bisyllabic (e.g., hand, harp, hamster, halter) . The mean CELEX frequency of occurrence was 28 per million. The picture labels were frequency-matched: An ANOVA performed on the frequency scores with the factors group (semantic vs. phonological) and number of syllables (mono-vs. bisyllabic) showed no significant differences (all Fs 1). Mono-and bisyllabic picture labels were matched across the semantic and phonological group with regard to their number of letters and phonological segments (both Fs 1). All targets are listed in Appendix A.
To form picture-distractor pairs, pictures were paired with each others' labels. Roelofs, Meyer, and Levelt (unpublished data) found that the pattern of facilitation and interference in picture-word interference experiments is unaffected by whether or not target and distractor match regarding their number of syllables, but they also demonstrated an overall distractor length effect such that longer distractors tended to delay the responses to targets more than shorter ones. In the light of these findings, I decided to pair each picture with two (rather than one) labels in each condition, such that half of the distractors matched their targets with regard to the number of syllables, and the other half did not. Thus, both mono-and bisyllabic targets were paired equally often with mono-and bisyllabic distractors, and the two target types were hence entirely comparable.
To form semantically related picture-distractor pairs, each picture from the semantic set was paired with two labels from the same semantic category (one mono-, and one bisyllabic). To form phonologically related pairs, each picture from the phonological set was paired with two labels (one mono-, and one bisyllabic) with the same initial two segments. To form the corresponding unrelated condition, each picture from the semantic set was paired with two labels from different categories, whereas each picture from the phonological set was paired with two labels with different initial segments. Care was taken to avoid semantic or associative relationships in the phonological set, and form overlap in the semantic set.
From these combinatons, two lists were created such that each list contained equal numbers of mono-and bisyllabic targets and distractors. Each participant was tested on four SOA blocks; thus, each list was used for two of the four SOA blocks. Across participants, each experimental list was presented in each SOA position an equal number of times.
Apparatus. Stimuli were presented from an IBMcompatible computer on a 15" computer monitor using NESU 5.0 (Nijmegen Experimental Set Up). The pictures were digitized as line drawings to a size of approximately 8 ¡ 8 cm, subtending a visual angle of 13.1 degrees from the viewing distance of 60 cm. The auditorily presented distractor words were recorded by a male speaker on DAT tape recorder, digitized with a sampling frequency of 16 kHz, and presented over Sennheisser HD250 headphones. Participants' responses were recorded on a Sony 55ES DAT tape recorder, segmented into trial-sized sound sequences using XWaves 5.3 (Entropic Research Lab), and acoustically analyzed using the Runword software package .
Design. The experimental design included response deadline ("no deadline" vs. "deadline"), SOA (-200 ms, 0 ms, +200 ms, +400 ms), type of relatedness (semantic vs. phonological), and relatedness (related vs. unrelated) as withinsubjects variables. Trials were presented in four SOA blocks of 64 trials. The order in which the blocks were presented was determined by a sequentially balanced Latin Square design. Items were presented in a pseudorandom fashion such that neither the same target nor the same distractor appeared on subsequent trials.
Procedure. Participants were tested individually. At the beginning of the experiment, they were instructed that their task would be to name pictures as fast and accurately as possible. They were familiarized with the set of experimental pictures by viewing each one on the computer screen for 3 sec, with the appropriate label printed below. In a first practice block, each picture was then presented and named once in random order; responses other than the ones expected were corrected. In a second practice block, the pictures were accompagnied by unrelated distractor words that were presented at various SOAs; again, unexpected responses were corrected.
Participants in the "Deadline" group were then additionally informed that if they initiated their response later than a particular time interval after the appearance of the target picture, the message "Sneller!" ("Faster!") would be displayed, indicating that they were not responding fast enough and should attempt to respond faster on subsequent trials, at the expense of accuracy. Subsequently, the four experimental blocks were carried out, consisting of 64 critical responses each. Each block was preceded by four warm-up trials in which randomly chosen pictures were paired with unrelated distractors. Breaks were provided between the blocks. Each testing session consisted of 256 experimental trials (plus 16 warm-up trials) and lasted approximately 30 min.
In the "No Deadline" group, each individual trial was structured as follows: a fixation cross was presented for 500 ms. After a blank period of 500 ms, the target picture was shown for 500 ms, and the distractor word was presented at the appropriate SOA. Latencies were measured from the onset of the target to the response. Following each naming response, the experimenter judged the responses to be either correct or incorrect; incorrect responses consisted of responses other than the expected ones, repairs, stuttering, or mouth clicks. An intertrial interval of 1,500 ms concluded each trial. The same time structure applied to trials in the "Deadline" group, except that the deadline message was presented on any trial in which the calculated onset latency exceeded the overall mean response time obtained in the "No Deadline" group, which was tested first (595 ms). The message was presented 2,000 ms after picture onset for 500 ms in the center of the screen.
Results
Latencies and durations were computed from the stored acoustic waveforms with the algorithms described in Kello and Kawamoto (1998) . Responses judged to be incorrect by the experimenter for the reasons described above were excluded from the response latency and duration analysis. Latencies outside a pre-determined range (200-1,400 ms) were considered outliers and eliminated. As latency outliers automatically entail invalid durations, duration measures on these trials were also eliminated. This procedure deleted 5.6% of the data from the analysis in the "no deadline" group, and 8.0% in the "deadline" group. Furthermore, durations outside a pre-determined range (150-1,000 ms) were deleted, which accounted for a further 1.4% of the data in the "no deadline" group, and 2.0% in the "deadline" group. Table 1 presents the mean latencies, durations, and error percentages, varied by SOA, type of picture-word relation, and relatedness for the "No Deadline" group. Figure 1 displays the corresponding effects of semantic and phonological relation (unrelated minus related condition) on response latencies, durations, and errors, separately for each SOA. Table 2 and Figure 2 do the same for the "Deadline" group.
Latencies Analysis. The overall unrelated response latency mean was 595 ms in the "no deadline" group, and 553 ms in the "deadline" group. An ANOVA that assessed the speedup of 42 ms was significant, F 1 (1,46) = 5.45, MSE = 24,874, p = .024, F 2 (1,31) = 175.55, MSE = 176, p .001. Hence, the deadline manipulation was shown to be effective in accelerating responses.
As predicted from previous research, Figure 1 (top panel) indicates that in the "no deadline" group, semantic interference was most prominent at the SOA of -200 ms, whereas phonological facilitation was strongest at the SOA of +200 ms, with some extent of both effects at the intermediate SOA of 0 ms, and no substantial effects at the SOA of +400 ms. Planned comparisons were conducted on the effects (unrelated minus related condition) of each type of relationship (semantic or phonological) under each SOA. Significant effects were obtained at SOA = -200 ms in the semantic condition, t 1 (23) = 3.18, p = .004, t 2 (15) = 2.43, p = .028, and at SOA = +200 ms in the phonological condition, t 1 (23) = 3.58, p = .002, t 2 (15) = 3.41, p = .004. At SOA = 0 ms, the semantic effect was marginally significant by subjects, t 1 (23) = 1.93, p = .066, but not by items, t 2 = 1.69. All other comparisons were not significant, all ts £ ¢ 1.30. Figure 2 (top panel) reveals that in the "deadline" group, the pattern of semantic interference and phonological facilitation closely follows the one obtained in the "no deadline" group. Planned comparisons on the effects (unrelated minus related conditions) of semantic and phonological pictureword relatedness under each SOA showed a significant effect of semantic relatedness at an SOA of -200 ms, t 1 (23) = 4.38, p .001, t 2 (15) = 2.43, p = .028. At an SOA of 0 ms, Schriefers et al. (1990) .
Duration Analysis. Figure 1 (middle panel) shows only minor effects of the semantic and phonological manipulation on durations in the "no deadline" group. Planned comparisons, conducted on the effects (unrelated minus related condition) of each type of relationship (semantic or phonological) under each SOA, showed no significant differences, ts £ ¢ 1.51. The only comparison that approached significance was semantic relatedness at an SOA of -200 ms, which was marginally significant by items, t 2 (15) = 2.12, p = .051, but not significant by subjects, t 1 = 1.24.
Crucially, Figure 2 (middle panel) suggests a similar outcome for the "deadline" group: durations again appear to be unaffected by the experimental manipulation. Planned comparisons support this conclusion: none of the effects (unrelated minus related condition) of semantic or phonological relationship under each SOA reached even marginal significance, all ts £ ¢ 1.60. These findings suggest that contrary to 's prediction, central processes have no impact on articulatory execution after its initiation even under increased task demand. But the possibility remains that effects on response duration only appear on bisyllabic responses: As discussed above, it is possible that syllables constitute the minimal units of articulation, and that consequently, monosyllabic responses are "fixed" in their articulatory characteristics, while polysyllabic utterances might be more easily subject to a temporal shift among their constituent syllables. Thus, comparisons (unrelated minus related condition) were conducted separately for mono-and for bisyllabic targets for semantic and phonological types of relationship under each SOA in the "deadline" group. For monosyllabic targets, none of the comparisons reached significance, all ts £ ¢ 1.27. For bisyllabic targets, the only comparison that reached significance was the semantic condition at an SOA of 0 ms, t 1 (23) = 3.19, p = .004; t 2 (7) = 2.08, p = .076. Note that this 14 ms duration effect was facilitatory rather than inhibitory, as would be predicted by 's hypothesis. Furthermore, the comparison for bisyllabic targets in the semantically related condition at SOA = +400 ms reached marginal significance in the analysis by items, t 2 (7) = 2.08, p = .076, but was not significant in the analysis by subjects, t 1 = 1.26, p = .219; this effect, while inhibitory, is only 8 ms in size. All other comparisons were not significant, ts £ ¢ 1.37. In summary, response durations were not affected by the experimental manipulations of semantic and phonological relatedness. Crucially, this was not only the case under standard instructions, but also in the experimental group that operated under a response deadline.
Error Analysis. Figure 1 (bottom panel) shows the error rates in the "no deadline" group. Planned tests were conducted that tested the unrelated and the related condition were compared for each type of relationship (semantic or phonological) under each SOA. The only significant difference was found in the phonological condition at the SOA of 0 ms, t(23) = 2.33, p = .029, in which the related condition showed a 3.4% higher error rate than the unrelated condition. Furthermore, the phonological condition at the SOA of -200 ms reached marginal significance, t(23) = 1.77, p = .090. All other comparisons were not significant, ts £ ¢ 1.57. Figure 2 (bottom panel) shows the error effects in the "deadline" group. A significant difference was found in the phonological condition at the SOA of 0 ms, t(23) = 2.14, p = .043, in which again error rates in the related condition were higher than in the unrelated condition. Furthermore, a significant effect was found in the semantic condition at an SOA of +200 ms, t(23) = 3.00, p = .006, in which the related condition showed more errors than the unrelated condition. All other comparisons were not significant, ts £ ¢ 1.54.
Discussion
With regard to response latencies, the pattern of the effects of semantic or phonological picture-word relation closely follows the one reported in the literature (i.e., Damian & Martin, 1999; Schriefers et al., 1990) : as expected, a substantial semantic interference effect was obtained that manifested itself strongest at the "earliest" SOA (-200 ms), and to some lesser extent at the following SOA (0 ms), but not at the later SOAs (+200 ms and +400 ms). In contrast, phonological facilitation was exclusively obtained at a "late" SOA of +200 ms. Neither the semantic nor the phonological effect were significant at an SOA of +400 ms, indicating that distractors were presented too late to tap into the relevant central processes involved in lexical retrieval of the spoken utterance. Despite the fact that the response deadline procedure resulted in a substantial acceleration of latencies, the pattern of semantic and phonological effects was not crucially affected.
In accordance with the findings cited in the introduction reported that have looked at the duration of single word production (Kello et al., 2000, Exp. 1; Meyer, 1990; Schriefers & Teruel, 1999, Exp. 1; Schriefers et al., 1999, Exp. 2) , neither a semantic nor a phonological relation between picture and word significantly affected durations under any of the tested SOAs in the "no deadline" group. But similarly, and contrary to the prediction derived from 's hypothesis that speech production shifts from a staged to a cascaded nature when task demand increases, response durations were also entirely unaffected in the "deadline" group. These findings suggest that speakers always articulated single words in a staged mode such that central processes of semantic and phonological retrieval had no impact on articulatory characteristics after response initiation.
A rather curious pattern visible upon closer inspection of the durations reported in Tables 1 and 2 is that response durations increased monotonically with levels of SOA. Given that that the same targets were produced under all SOAs, it is not immediately obvious why durations should systematically vary with SOA. The pattern is, however, in accordance with Schriefers and Teruel's (1999; Exp. 1) results in which overall adjective-noun phrase durations of 679 ms, 695 ms, 721 ms, and 701 ms were obtained for SOAs of 0 ms, +150 ms, +300 ms, and +400 ms (averages are only for the conditions in which a distactor was presented). Note that the overall durations at the SOA of -200 ms and of 0 ms differ only slightly, but rise substantially at the two positive SOAs (+200 ms and +400 ms).
The most likely explanation derives from the fact that distractors both in the present experiment and in Schriefers and Teruel (1999) 's study were presented auditorily. Distractors at some of the tested SOAs will to some extent overlap in time with the participants' utterances, and as both are in the auditory domain, distractors will affect characteristics of the spoken responses. Effects of environmental noise on speaking characteristics were first reported by Lombard (1911) , demonstrating increased speaking amplitudes under these conditions. Furthermore, it is well known (e.g., Hanley & Steer, 1949; Van Summers, Pisoni, Bernacki, Pedlow, & Stokes, 1988 ) that the Lombard effect manifests itself not only in heightened response amplitudes, but also in a reduced speech rate (see also Lunqua, 1993 , for a recent investigation of the effect). In the present experiment, the overall mean response latency was 595 ms in the "no deadline" group and 553 ms in the "deadline" group, and the average distractor duration (measured manually in a wave form editor) was 432 ms; thus, on at least a subset of the trials under the two positive SOAs, response and distractor did indeed overlap. Furthermore, distractor words vary substantially in their length because half of them are mono-, and the other half bisyllabic; hence, some of the longer words (such as "vliegtuig" and "hamster" might have overlapped with participants' responses even at the SOA of 0 ms. This overlap is what might have caused the apparent effect of SOA on durations.
More importantly, could the obtained effect of SOA on response durations potentially mask effects of semantic and phonological relationship? This would only be the case if it substantially increased variability in the responses. However, standard deviations of the duration means for the four SOAs were very similar (60, 63, 69, and 62 for SOAs of -200 ms, 0 ms, +200 ms, and +400 ms, respectively), and standard deviations on the latency means increased noticably only on the most positive SOA (75, 81, 82, and 110 for SOAs of -200 ms, 0 ms, +200 ms, and +400 ms, respectively). Also, obtained the largest duration effect at the same SOA at which a latency interference effect was obtained. Therefore, in the current experimental design, one would predict semantically induced duration effects to appear at relatively "early" SOAs such as -200 ms, and maybe to some extent at 0 ms. It is thus safe to conclude that the effect of SOA on durations does not diminish the likelihood of obtaining durational effects caused by central processes.
In summary, the picture-word interference task used in Experiment 1 failed to provide evidence that response durations are systematically affected by semantic or phonological factors when task demand is increased.
Experiment 2
The task used in Experiment 1 constitutes a rather complex paradigm in which the production of picture names and the comprehension of distractor words interact in ways that to date are only partially understood. In the next experiment, a somewhat simpler task was used to give the claim that the architecture of speech production is flexible a further assessment. Here, participants simply named a series of pictures. The semantic and phonological manipulation came about as a result of blocking, or context. Kroll and Stewart (1994) first reported that when pictures are presented and named in a series of other stimuli from the same semantic category, naming latencies are longer than when the same pictures are named in the context of various semantic categories. They blocked or randomized pictures from various semantic categories into lists, and found a substantial inhibition effect induced by a homogeneous semantic category (a similar pattern was found in single word translation). Kroll and Stewart argued that the obtained semantic context effect should be attributed to the stage of lexical retrieval. Damian, Vigliocco, and Levelt (2001) obtained a similar effect and argued for the same functional locus, and Maess, Friederici, Damian, Meyer, and Levelt (2002) showed in a magnetoencephalographic study that the effect can be cortically localized in a left temporal region that is associated with lexical retrieval. Vigliocco and Hartsuiker (in press) obtained a parallel effect in single-word translation. The three latter studies demonstrated that the effect can be reliably obtained with a small set of exemplars per category that are each named repeatedly. For instance, Damian et al. (2001) used five categories with five exemplars, and within each experimental block five pictures were repeatedely named that either were all from the same semantic category (homogeneous condition), or from five different categories (heterogeneous condition). Latencies for blocks in which all targets were from the same category were 29 ms slower than those for blocks in which targets were from a number of categories.
The effects of phonological variables have been extensively investigated with the so-called "implicit priming" paradigm introduced by Meyer (1990 Meyer ( , 1991 . In such an experiment, participants first have to learn small sets of word pairs such as "fruit-melon, iron-metal, grass-meadow". Dur-ing the following test phase, they repeatedly produce the second word in response to the first word that is visually presented as a prompt on a computer screen. Response latencies are measured relative to the prompt onset. As in the semantic blocking manipulation described in the previous paragraph, responses occur in blocks of two types: in homogeneous blocks, response words share parts of their form characteristics, such as initial segments; in heterogeneous blocks, response words are unrelated in form. Typically, it is found that items are named faster when they occur in the context of form-related items than when they occur in the context of unrelated items. This effect is usually between 20 and 30 ms in size, and is interpreted as a preparation effect that arises as a result of the preparation and buffering of partial phonological response codes (see Roelofs, 1997 , for a detailed computational account). Prompt-response word pairs instead of pictures are used as stimuli in this paradigm because here, responses do not have to be names of depictable entities, which removes a serious constraint on stimulus selection. But, as expected from the phonological preparation account, an analogous effect can be obtained in simple picture naming in which pictures are presented in a phonologically similar or dissimilar context (Roelofs, 1999, Exp. 3).
The present experiment manipulates both semantic and phonological context. This method of affecting central processes involved in speech production allows a further assessment of whether articulation can be affected by such manipulations. At the same time, the design is quite simple, and the complications arising from the use of double-stimulation paradigms such as the Stroop task or picture-word interference are avoided. Furthermore, a large number of data points can easily be amassed, providing great statistical power. The same logic is applied as in Experiment 1: the effects of semantic and phonological blocking are first assessed without, and subsequently with, a response deadline. Furthermore, mono-and bisyllabic picture labels were assessed on two different groups of participants. Varying the factor number of syllables as a between-subjects factor is necessitated by Roelofs (1998) 's observation that the phonological preparation effect is only obtained if all items within a homogeneous set share their metrical structure. Whereas in principle it would be possible to incorporate both mono-and bisyllabic items in one experiment (but in different blocks), this would render the experiment excessively lengthy.
Method
Participants. Forty-eight undergraduate students from the participants pool of the Max Planck Institute for Psycholinguistics, none of whom had been in Experiment 1, took part in exchange for pay. Twenty-four participants were tested on monosyllabic targets, and the other twenty-four were tested on bisyllabic targets. Within each group, the first twelve participants were tested in the experimental group without a deadline whereas the remaining ones were tested in the group with a deadline.
Materials. For the experimental condition that used stimuli with monosyllabic responses, two sets of sixteen line drawings of common objects with monosyllabic labels served as the stimuli. The mean number of phonological segments was 4.6, and the mean frequency of occurrence in the CELEX database of spoken Dutch word forms (Baayen et al., 1995) was 40 per million. To form the semantically related set, sixteen pictures were selected from the four semantic categories animals, furniture, tools, vehicles, with four exemplars per category. They were arranged in a matrix of 4 ¡ 4 items such that rows corresponded to categories and thus formed homogeneous stimulus sets of four items each, while columns formed the sets for the heterogeneous condition of the same size. In none of the resulting eight experimental sets did pictures share the initial phoneme. 4 To form the phonologically related set, sixteen further pictures with monosyllabic names were selected, out of which sets of four items shared the initial phoneme (e.g., klok, kerk, kies, kat). Care was taken to avoid semantic relationships between the items. These items were again arranged in a matrix of 4 ¡ 4 items such that rows corresponded to the phonologically homogeneous stimulus sets of four items each, while columns formed the sets for the heterogeneous condition of the same size.
For the experimental condition with bisyllabic responses, stimuli were assembled in a likewise fashion: Two sets of sixteen pictures with bisyllabic names stressed on the initial syllable were selected (mean number of segments: 5.5; mean CELEX frequency of occurrence: 36 per million). The stimuli for the semantic set were from the categories animals, furniture, kitchen utensils, and vehicles, with four exemplars each. The stimuli for the phonological set formed four groups that shared the initial two phonemes (e.g., kano, kabel, kater, kamer). These pictures were arranged and presented in a manner analogous to the one described in the previous paragraph. All stimuli are listed in Appendix B.
Design. Type of context (semantic vs. phonological) and context (homogeneous vs. heterogeneous) were manipulated as within-subjects variables, while task demand (no deadline vs. deadline) and number of target syllables (mono-vs. bisyllabic) were manipulated as a between-subjects variable. The sixteen experimental blocks were presented in an alternating sequence of homogeneous and heterogeneous blocks; the first six participants within each task demand group received semantically homogeneous and phonologically heterogeneous blocks in the first and third quarter of the experiment, and semantically heterogeneous and phonologically homogeneous blocks in the second and fourth quarter; the remaining six participants received the opposite order. Within each quarter, the order in which participants received the four blocks per condition was determined by a Latin Square design.
Within each set, each item was presented eight times in a pseudorandom order such that there were no repeated stimuli on adjacent trials. The entire experiment consisted of 512 trials and lasted approximately 30 min.
Apparatus. Stimuli were presented from an IBMcompatible computer on a 15" computer monitor using the Runword software package . The pictures were digitzed as line drawings to a size of approximately 8 ¡ 8 cm, subtending a visual angle of 13.1 degrees from the viewing distance of 60 cm. Participants' responses were digitzed on-line and acoustically analyzed using Runword.
Procedure. Participants were tested individually. At the beginning of the experiment, they were familiarized with the set of experimental pictures by viewing each picture on the computer screen for 3 sec with the appropriate name printed below it. A practice block of 32 trials was then administered in which each picture was named once; responses other than the expected ones were corrected. Then, the sixteen experimental trials were carried out. Breaks were provided in between the trials.
On each individual trial, a fixation cross was presented for 500 ms. After a blank period of 500 ms, the target picture was shown for 500 ms. Latencies were measured relative to the onset of the target. In the "deadline" group, the message "Sneller!" ("Faster!") was additionally presented after the trial for 500 ms if participants failed to repond within the assigned interval. An intertrial interval of 1,500 ms concluded each trial.
Results
As outlined above, the first twelve participants within each "number of target syllables" group were tested without a deadline (no deadline group). The overall response time means were 495 ms for the group with monosyllabic targets, and 559 ms for the group with bisyllabic targets; these values were subsequently used as the deadline for the following twelve participants in each group.
Because the blocking paradigm is based on context effects, the first occurrence of each stimulus within a particular experimental block was not included in the analysis. The same criteria for data exclusion as those applied in the first two experiments were applied, resulting in the elimination of 2.4% of the response latencies. Durations outside the predetermined range accounted for a further 0.9% and were also eliminated. Table 3 presents mean response latencies, response durations, and error percentages for both "number of target syllables" subgroups within the "No Deadline" group. Table 4 does the same for the "Deadline" group.
Latencies Analysis. For monosyllabic targets, the overall heterogeneous response latency mean was 490 ms in the "no deadline" group, and 447 ms in the "deadline" group. The difference of 43 ms was significant, F 1 (1,22) = 5.83, MSE = 11,385, p = .025; F 2 (1,31) = 288.34, MSE = 30129, p .001. For bisyllabic targets, the corresponding means were 552 ms and 502 ms for the "no deadline" and "deadline" groups, respectively. The difference of 50 ms was significant, F 1 (1,22) = 4.38, MSE = 75,083, p = .048; F 2 (1,31) = 268.14, MSE = 39,471, p .001. Hence, the deadline manipulation was shown to be effective in accelerating responses. Table 3 ("No Deadline") shows that for monosyllabic targets, the context manipulation was significant for the semantic stimuli, t 1 (11) = 6.69, p .001, t 2 (15) = 5.93, p .001, while for phonological stimuli, it was not significant in the analysis by subjects, t 1 = 1.67, but by items, t 2 = 2.52, p = .024. A similar pattern was obtained for bisyllabic targets: the context manipulation was significant for the semantic stimuli, t 1 (11) = 5.84, p .001, t 2 (15) = 3.28, p = .005, but not for the phonological stimuli, t 1 = 0.69, t 2 = 0.59. Table 4 ("Deadline") shows that for monosyllabic targets, the context manipulation was significant for the semantic stimuli, t 1 (11) = 5.33, p .001, t 2 (15) = 8.02, p .001, as well as for the phonological stimuli, t 1 (11) = 2.65, p = .023, t 2 (15) = 3.96, p = .001. For bisyllabic targets, the context manipulation was significant for the semantic stimuli, t 1 (11) = 2.75, p = .019, t 2 (15) = 4.07, p = .001, as well as for the phonological stimuli, t 1 (11) = 4.07, p = .002, t 2 (15) = 3.15, p = .007. In summary, a reliable semantic effect was obtained for both mono-and bisyllabic targets in the "no deadline" and the "deadline" group. In contrast, a reliable phonological effects was obtained for mono-and bisyllabic targets, but only in the "deadline" group. Duration Analysis. Table 3 suggests that in the "no deadline" group, neither the duration of the semantic stimuli nor of the phonological stimuli were affected by the context manipulation. Planned comparisons confirmed that for monosyllabic targets, the context manipulation did not affect duration of the semantic stimuli, t 1 = 0.09, t 2 = 0.16, nor of the phonological stimuli, t 1 = 0.40, t 2 = 0.50. Likewise, for bisyllabic targets the context manipulation did not affect duration of the semantic stimuli, t 1 = .91, t 2 = 1.41, nor of the phonological stimuli, t 1 = .87, t 2 = 1.53. In the "deadline" group for monosyllabic targets, context did not significantly affect duration of the semantic stimuli, t 1 = .61, t 2 = .58, but did so for the phonological stimuli, t 1 (11) = 3.36, p = .020, t 2 (15) = 3.64, p = .002. Likewise, for bisyllabic targets, context again did not significantly affect duration of the semantic stimuli, t 1 = 1.05, t 2 = 1.67. But in the phonological condition, the effect was significant, t 1 (11) = 2.21, p = .049, t 2 (15) = 2.80, p = .014.
In summary, as expected, durations were not affected by the context manipulation when task demand was normal. When task demand was high, durations of the semantic stimuli were still unaffected, but the duration of the phonological stimuli increased in the homogeneous relative to the heterogeneous condition.
Error Analysis. Planned comparisons showed that in the "no deadline" group for monosyllabic targets, error scores did not differ in the semantic condition, t = 0.80, nor in the phonological condition, t 0.01. For bisyllabic targets, error scores differed significantly in the semantic condition, t(11) = 2.86, p = .015, but not in the phonological condition, t = 0.77. In the "deadline" group, error scores differed for monosyllabic targets in the semantic condition, t(11) = 3.89, p = .003, but not in the phonological condition, t = 0.003. Similarly, for bisyllabic targets, error scores did not differ in the semantic condition, t = .58, but in the phonological condition, t(11) = 2.76, p = 0.019.
The finding that for bisyllabic targets and under a response deadline, error rates were significantly higher in the homogeneous than in the heterogeneous condition, might come as a surprise, given that no such effect was observed with monosyllabic targets, and that such a pattern had not been observed in previous studies using this experimental paradigm. However, similar error-inducing tendencies have been demonstrated in other paradigms in which phonological context was manipulated (e.g., Martin, Weisberg, & Saffran, 1989; O'Seaghdha & Marin, 2000; Sevald & Dell, 1994) . In informal interviews conducted after the experimental sessions, participants reported one particular phonological combination as problematic, namely the the stimulus quadruplet halter (barbell;
, and haspel (reel;
. For blocks that combined these four responses, participants complained about a tongue-twister-like effect that induced a large number of stutters and repairs, possibly because there are a large number of identical segments occurring in differing positions within the words. And indeed, this item quadruplet showed mean error scores of 2.4% and 8.3% for the heterogeneous and homogeneous condition, respectively, compared to error scores of 3.4% and 3.2% for the remaining three sets. A test for the difference showed the former comparison to be significant, t(11) = 3.08, p = .010, but not the latter, t = .33. The overall significant error difference for the phonological condition under high task demand can thus attributed entirely to one particularly troublesome stimulus quadruplet.
Discussion
In the response latencies, blocking of target pictures by semantic category induced a highly significant inhibition effect obtained both for mono-and bisyllabic targets. The size of this effect is comparable to other studies that have used such a design (Damian et al., 2001, Exp. 1; Maess et al., 2002) , and it is comparable for the "no deadline" and the "deadline" group. Hence, the experimental manipulation of blocking or randomizing semantic categories interfered powerfully with the retrieval of lexical-semantic codes. With regard to a potential impact of this manipulation on response durations, however, the outcome is again entirely negative. Even descriptively, there is no tendency for response durations to become elongated when semantic-lexical retrieval is interfered with and task demand is high. This finding is clearly at odds with 's hypothesis that increased task demand shifts the architecture of speech production from a staged toward a fully cascaded structure.
The size of the effect of phonological blocking on latencies in the "no deadline" group was smaller than expected from previous research, and was statistically significant only in the analysis by items; Note, however, that the only published experiment that has used picture naming (rather than prompt-response generation) in combination with phonological blocking (Roelofs, 1999, Exp. 2) also obtained a mere 16 ms effect. In the "deadline" group, the effect of phonological blocking was larger and statistically significant both for mono-and bisyllabic targets. These finding suggest that a certain extent of situational demand might be necessary for the phonological effect to arise: Apparently, participants need to be motivated (e.g., by being instructed to emphasize speed) to make use of contextual information such as the fact that all responses in a homogeneous block start with the same segment. Regarding the response durations in this condition, the results are rather surprising. As expected, in the "no deadline" group, response durations were not affected by the phonological blocking manipulation. However, in the "deadline" group, significant phonological priming conincided with longer response durations. Discussion of this latency/duration tradeoff pattern will be delayed until the General Discussion, but one should note that the direction of the obtained effect is contrary to what would be predicted by the cascaded structure of speech production suggested by . However, it is admittedly the case that the chances of finding the reduction in response duration predicted by these authors is greatly diminished if a different mechanism works in the opposite direction.
In accordance with the findings obtained in Experiment 1, the number of target syllables did not appear to play an important role: response durations of neither mono-nor bisyllabic targets were affected by the semantic manipulation, both in the "no deadline" and the "deadline" group. The same held for durations in the phonological blocking condition in the "no deadline" group, and in the "deadline" group, durations of both mono-and bisyllabic targets were systematically prolonged. These findings rather cleary point out that the number of syllables of a target word is irrelevant in the context of the issue under investigation.
Experiment 3
At this point, it seems necessary to review the evidence accumulated so far. Both in the picture-word interference and the semantic/phonological blocking paradigm, no evidence was found that would support 's claim that the articulatory duration of single words can be influenced by "central" experimental factors when task demand is increased. Whereas the results from the above experiments are rather clear, the difference between Kello et al.'s and the present results remains unexplained. There are prima facie at least two possible hypotheses that could account for the difference: First, the conflict created by the Stroop incongruency condition (approximately 80 ms in Kello et al.'s Experiment 2) is substantially larger than the size of the semantic conflict induced by both picture-word interference (24 ms in the present Experiment 1) and the semantic blocking task (a maximum of 37 ms in Experiment 2). In fact, whereas the Stroop effect is usually accessible to introspection, the semantic effects in the other two paradigms typically go unnoticed by the participants. It could simply be the case that a "central" conflict of the magnitude of the Stroop interference is required to bring about the predicted effects on articulatory duration, and that the effects obtained in the other paradigms are not strong enough. Second, although the response deadline procedure in the experiments above succeeded in significantly accelerating responses (by 7.1% in Experiment 1, and by 9.0% in Experiment 2), this was clearly less so the case than in Kello et al.'s study, in which the speedup was approximately 18%. It could in principle be the case that -despite the fact that I employed the same experimental procedure as Kello et al. -, the deadline manipulation simply was not powerful enough to bring about the effect on response durations.
To resolve these issues, the next experiment directly replicates 's study in all aspects: The standard Stroop color naming task is used, a variety of SOAs are assessed, and latencies and durations are measured both with and without a response deadline. A renewed failure to obtain effects of central factors on response duration would logically eliminate the two objections outlined above, and substantially strengthen the assumption that articulation is never cascaded. Note that the experiment is conducted on native English, rather than Dutch, speakers to be fully comparable to the findings reported by Kello et al..
Method
Participants. Forty undergraduate students from the participants pool of the University of Bristol took part in exchange for course credit. The first fifteen participants were tested in the experimental group without a response deadline, whereas the remaining twenty-five were tested with a deadline. 's study, the six colors red, green, blue, gray, yellow, and purple served as stimuli. Color patches were presented as solid rectangles of size 4 ¡ 2 cm on a black background. The interfering stimuli consisted of the corresponding six color names, which either provided a match (in the congruent condition) or a mismatch (in the incongruent condition) with the color patch label. In addition, the nonlinguistic stimulus iiiii was used as a neutral stimulus. Incongruent color-word combinations were rotated across participants. Words were presented in bold Courier 18 point font within the color rectangles.
Materials. As in
Apparatus. Stimuli were presented from an IBMcompatible computer on a 15" monitor using DMDX 2.5, developed at the University of Arizona by J. C. Forster. A headset (Sennheiser mb40) with attached microphone was connected to the computer. The software determined the onset of the vocal responses (in the "deadline" condition) and digitized each trial to a sound file stored on the hard disk. The soundfiles were subsequently analyzed using Runword .
Design. The design included response deadline ("no deadline" vs. "deadline") as a between-subjects variable, and SOA (0 ms, +100 ms, +200 ms, +300 ms) and relatedness (neutral, congruent, incongruent) as within-subjects variables. Note that, in order to make the "no deadline" and "deadline" groups identical in all regards, an additional SOA of +400 ms which had been employed in 's Experiment 2 was omitted. This is justifiable since their findings clearly demonstrated that at such a positive SOA, distractors are presented too late to have any effect on latencies and error rates (in fact, as the results below indicate, this is the case even for SOA = +300 ms).
Trials were presented in a pseudorandom fashion such that neither the color nor the word appeared on subsequent trials.
Procedure. Participants were tested individually. They were first familiarized with the six colors and instructed with regard to their task. Then, they ran through twelve practice trials in which equal numbers of randomly selected congruent, incongruent, and neutral trials were presented. Additionally, participants in the "deadline" group were then instructed to further accelerate their responses regardless of any errors that might occur, and the deadline procedure was explained to them. An additional practice block of twelve trials was run in which participants in this group could test this procedure. Then, the experimental block of 144 trials was run. A short break was provided after the first half.
Within each experimental trial, a fixation cross was presented for 500 ms, followed by the target color patch, which remained on the screen for 2,000 ms. Distractor stimuli were presented at the appropriate SOAs. The intertrial interval was 1,500 ms. In the "Deadline" group, the message "Faster!" and a warning tone were presented after the trial for 500 ms if participants did not respond within the designated deadline (see below).
Results
As described above, the first fifteen participants were tested without a deadline. The overall response time mean from this group in the neutral condition -642 ms -was used as the deadline for the following twenty-five participants in the "deadline" condition.
The data were analyzed in exactly the same way as described by : errors, latencies larger than 1,100 ms or shorter than 220 ms, and durations larger than 1,200 ms or shorter than 50 ms, were excluded from the analysis. Table 5 shows response latencies, durations, and errors for the "no deadline" group, varied by SOA (0 ms, +100 ms, +200 ms, +300 ms), and condition (neutral, congruent, incongruent) . Figure 3 displays the corresponding effects (con- gruent minus neutral, incongruent minus neutral) on latencies, durations, and errors, varied by SOA. Table 6 and Figure 4 do the same for the "deadline" group.
Latencies
Analysis. An overall neutral mean response latency of 642 ms in the "No Deadline" group compared with one of 517 in the "Deadline" group. This constitutes an acceleration of 125 ms, or 19.5%. Not surprisingly, this difference was highly significant, F(1,38) = 25.45, MSE = 144,564, p .001.
In the "no deadline" group, latencies indicated a substantial amount of Stroop interference (neutral minus incongru- ent) at SOA = 0 ms, t(14) = 8.33, p 0.001, SOA = +100 ms, t(14) = 6.78, p .001, SOA = +200 ms, t(14) = 3.61, p = .003, but not at SOA = +300 ms, t = .59. In contrast, Stroop facilitation (neutral minus congruent) was observed only at SOA = +100 ms and +200 ms, t(14) = 3.68, p = .002 and t(14) = 3.62, p = .003, respectively, but not at SOAs of 0 ms and +300 ms, t = .92 and t = .89, respectively. In the "deadline" group, latencies showed Stroop interference at SOA = 0 ms, t(14) = 7.84, p .001, SOA = +100 ms, t(14) = 7.89, p .001, and SOA = +200 ms, t(14) = 3.82, p .001, but not at SOA = +300 ms, t = .115. Stroop facilitation was obtained at SOA = 0 ms, t(24) = 8.56, p .001, SOA = +100 ms, t(24) = 3.63, p = .001, SOA = +200 ms, t(24) = 2.27, p = .032, but not at SOA = +300, t = .001. Duration Analysis. In the "no deadline" group, response durations did not appear to be systematically affected by the experimental manipulation: None of the tests that assessed potential effects of the Stroop manipulation on durations was Figure 4. Experiment 3 -"Deadline": Effects (neutral minus related; for congruent and incongruent distractors) on response latencies (in ms), durations (in ms), and errors (in %), varied by colorword stimulus onset asynchrony (SOA; 0 ms, +100 ms, +200 ms, +300 ms). Error bars indicate standard errors.
significant, ts 1.74. Crucially, in the "Deadline" group, durations were also unaffected by the experimental manipulation: none of the tests that compared the neutral to the incongruent condition was significant. The comparison closest to significance was the 8 ms difference between the neutral and the incongruent condition observed at SOA = 0 ms, t = 1.60, p = .122; note that this effect is facilitatory rather than inhibitory, as would be predicted by 's account.
Error Analysis. In the "no deadline" group, error rates displayed significant Stroop interference at SOA = 0 ms, t(14) = 2.32, p = .036, and SOA = +200 ms, t(14) = 2.17, p = .048. A marginally significant effect was obtained at SOA = +100 ms, t(14) = 1.95, p = .072. No effect was found at SOA = +300 ms, t = 0.00. None of the tests that compared the neutral to the congruent condition was significant at any SOA, ts £ ¢ .564. In the "deadline" group, error scores showed sig-nificant Stroop interference at SOA = 0 ms, t(24) = 3.96, p .001, SOA = +100 ms, t(24) = 3.47, p = .002, SOA = +200 ms, t(24) = 2.09, p = .047, and SOA = +300 ms, t(24) = 2.57, p = .017. None of the tests that compared the neutral to the congruent condition was significant at any SOA, ts 1.55.
Discussion
This experiment attempted to replicate 's study directly. With regard to response latencies and error patterns, the results clearly indicate a success: The standard Stroop pattern was obtained, with a maximum difference between the neutral and the incongruent condition of 132 ms in the "no deadline" group, and of 93 ms in the "deadline" group, and maximum error patterns of 6.1% and 16.3%, respectively. These results clearly indicate a substantial magnitude of Stroop interference. The deadline procedure was also highly successful, accelerating latencies in the "deadline" group by 19.5% relative to the "no deadline" group. Despite this, no systematic effects on response durations were observed in the "deadline" group. Once again, articulation, as measured by response durations, appears staged with regard to "central" effects even under the increased task demand induced by the deadline procedure.
One difference in the results of Experiment 3 and Kello et al. (2000)'s study is that in the current experiment, the maximum amount of Stroop interference was obtained at an SOA of 0 ms (121 ms without, and 93 ms with deadline). In contrast, in Kello et al.'s experiment, the strongest Stroop interference was obtained at an SOA of +100 ms (ca. 120 ms with no deadline, and ca. 80 ms with deadline, estimated from their Figures 1 and 4) . Hence, despite the fact that the effects are virtually identical in magnitude, the SOAs do not map perfectly onto each other. Could this discrepancy be relevant? This is probably not the case, since it is problematic to compare SOAs directly across different experiments. Whether or not a particular effect is observed under a certain SOA is a result of the processing speed of the target dimension (color) as well as of the distractor (word). Speed of processing in either pathway can be influenced by theoretically less relevant factors (such as color saturation). On the other hand, the size of maximal Stroop interference found here and in Kello et al. was virtually identical, but despite this fact, the predicted duration effects were not obtained in the present experiment.
General Discussion
The current set of experiments set out to investigate potential articulatory effects in single word speech production, in particular the hypothesis that the duration of spoken responses can, under conditions of increased task demand, be systematically affected by "earlier" processes of lexical retrieval . In a picture-word interference task with semantic and phonological relatedness between pictures and distractors, substantial effects on response latencies were found, both under normal, and increased task demand circumstances. Response durations, in contrast, were never affected by the experimental manipulation of semantic and phonological target-distractor relationship. Experiment 2 used a semantic and phonological blocking procedure that yielded semantic inhibition and -to some extent -phonological facilitation on the latencies. But again, response durations were not affected by the blocking manipulation; the only duration effect that was found (longer durations in the phonological condition under high task demand) is not conceivably caused by the account hypothesized by Kello et al.. Experiment 3 directly replicated the Stroop task employed by Kello et al., but despite the fact that latencies and error patterns replicated their results in all important aspects, durations were once again unaffected. In combination, the results from three different speech production paradigms question the claim forwarded by Kello et al. that increased task demand in speaking is able to shift the characteristics of the underlying stages from a staged to a cascaded mode. Instead, they suggest that after a response has been initiated, articulation is not affected by prior processing stages, a finding that is easily accommodated by theoretical approaches that clearly separate articulation from preceding stages (e.g., Levelt, 1989; Levelt & Wheeldon, 1994) .
The finding that response durations are never systematically affected by semantic and phonological experimental manipulations indicates underlying discrete processing stages of "central" and articulatory processing. It should be pointed out, however, that the experimental results reported here bear no consequence as to whether the central processes of semantic retrieval and phonological encoding are staged or cascaded/interactive with regard to each other; in fact, I have argued elsewhere (Damian & Martin, 1999) for interactivity between these processing levels. But in fact, both cascaded and non-cascaded accounts of lexical retrieval are compatible with the current findings; all that they imply is that articulation, once initiated, is not affected by earlier processing stages.
To reiterate the introduction, the failure to obtain duration effects in conceptually driven tasks such as those employed in the current research has no bearing on the issue of whether such effects can be obtained in other tasks, such as word naming: in the latter, a response could in principle occur on the basis of subsemantic and possibly sublexical information, and participants might freely select a particular response strategy (e.g., Kawamoto et al., 1998) . And indeed, effects on duration in word naming have been reported (e.g., Kawamoto et al., 1999 ; also see Balota, Boland, & Shields, 1989; Shields & Balota, 1991) . On the other hand, no such strategy shifts are plausible in conceptually driven tasks because participants always have to assess semantic information before phonological codes are available. There is an exception to this principle, however: if in a task that is normally conceptually driven, contextual information is available that might potentially be used in responding, then even here participants might choose to use that information to initiate a response before full input from the conceptual system is available. This accounts for the finding in Experiment 2 that in the "deadline" group, a benefit in response latencies in the phonological condition was accompanied by a cost in response durations. Most likely, participants initi-ated their responses based on the knowledge that all targets within a particular block shared their initial sounds (yielding the latency benefit), and then completed target processing and full phonological retrieval during articulation (inducing a prolonged response duration). This latency/duration tradeoff constitutes an exception to the rule that articulatory duration in such tasks is never affected by "central" manipulations. But a situation in which speakers have advance knowledge of a portion of an upcoming utterance usually does not occur in other experimental paradigms, nor in "real" speech, hence the relevance of this finding is probably limited.
Nevertheless, the question arises of how the finding of a latency/duration tradeoff relates to previous studies that have interpreted phonological blocking in speech production as an indicator of a central phonological preparation effect (e.g., Janssen, Roelofs, & Levelt, 2002; Meyer, 1990 Meyer, , 1991 Roelofs, 1996; Roelofs, 1999) . Of course, all of these studies used a paired-associate response task, and not a picture naming task as the current experiments (with the exception of Roelofs, 1999, Exp. 3); thus they cannot be directly compared to the results described in the current article. But more importantly, Meyer (1990) measured latencies and durations in her task, and found a preparation effect in latencies without a concurrent cost in durations. This finding suggests that the implicit priming task indeed taps into an underlying central effect that is not merely reducible to a shift in response criterion. Yet, the current findings point out that potential strategic shifts are indeed possible under some circumstances, and underscore the value of using response measures beyond mere onset latencies.
The semantic and phonological blocking procedure employed in Experiment 2 is considerably simpler than the picture-word interference paradigm and the Stroop task of Experiments 1 and 3 because due to the absence of concurrent distractors, SOA cannot be experimentally varied. This simplicity has a tradeoff in that time course information about the stages of speech production is lost -semantic and phonological effects are either present or absent, but the underlying temporal parameters cannot be manipulated. Does this fact cause a problem for interpreting the absence of duration effects in the semantic condition in these experiments? This is not likely to be the case: the logic employed in and the present article is to to manipulate a "central" processing stage, to measure the success or failure by the variation in response latencies, and then investigate whether the effect is additionally visible in articulatory duration (e.g., whether processing at central stages "cascades" down to peripheral stages under certain circumstances). The results from Experiment 2 clearly indicate a success in inducing a semantic inhibition effect, and hence, it can be measured whether this effect cascades down to the articulatory stage. Clearly, this was shown not to be the case.
On a final note, the results presented here are relevant to the issue of articulation only inasfar as one considers response duration to be an adequate measure of articulation. This is an assumption that could quite plausibly be challenged: a purely quantitative measure such as response duration is possibly too insensitive to reveal whether articulation is influenced by prior processes. Instead, a qualitative analysis might be required. For instance, as cited in the introduction, Whalen (1990) observed that participants' knowledge about the identity of an upcoming vowel prior to response initiation induced anticipatory coarticulation of the pronunciation of a preceding vowel, which has been taken as evidence that articulatory execution can indeed be influenced by concurrent central processes. Studies of this kind require a finegrained phonetic analysis that is considerably more complex than the simple measurement of response durations. 
